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Chapter 1

THE NATURE OF FALLOUT

1.1 lackrund

On the 16th day of August in 1945 the first nuclear explosion, Shot Trinity,
wa detonated at Alamagordo, New Mexico. -The nuclear device was mounted on
a tower at a height of about 100 feet and the energy of the explosion was equiva-
lent to that of 19,000 tons of TNT. The explosion, as all nuclear explosions,
produced radioactive mntrr.alp ,ttt thmt A.•.. with cther materials engulfed by
the forces of the oxploslon. The product of the combination has been given the
name fallout,

From most nuclear explosions, fallout is In the physical form of particles.
After Shot Trinity some of these particles deposited on pastures and on the
backs of cows at some distance from the point of detonation, and the nuclear
radiations from the particles caused burn-like Injuries on the cows' backs.
Other than this the exposure had no ostensible influence on the life of the
animals or their offspring.

The incident, however, initiated interest and concern among some
scientlsts and engineers. Both the fate of radioactive substances produced in
nuclear explosions and the biologicrd consequences of their interaction with
living matter came under study.

In Operation Crossroads, in 1946, ships exposed to the effects of an
underwater nuclear detonation, were found to be contaminated with radioactive
substances, and milltary--oupecaldly Navy--interest in the fallout phenomenon
was aroused. The rosults of that txt iniltiated the rocognition of fallout as one
of the primary phenomena of nuclear exploslon; and one that could have a
profound influence on military operations using nuclear weapons.

The rooontlion and acceptanve of the implications of fallout on military
0,V'•P, onz, ,,wVr, wis at first limited to n rather small group of scienttlms,
engineers, and military people. Additional evidence and data on fallout were
obtained in subsequent test.s, especially in Operations GrOrenhou:e, and G :-ter=
Jangle In 1951 and In Upshot-Knothole in 1953. But it was not until the
detonation of Shot. Bravo in Operation Castle In 1954 that, general recognition of
the falliot phenomenon was established.

A



Two of the bettor-known Incidents that influenced (or forced) ;aih recog-
nition were the exposure of the Marshall Islanders on the Rongolap Atoll and of
the Japanese fisherman in their xoat at son to the radiations from fallout. But
even after the Shot Bravo experience there remained ai row who wanted to
believe that a "fluke" had occurred and that fallout wits not or military
signiflcnce.

Now, several years and many toet detonations later, there are no remain-
ing doubts about the production of fallout in nuclear explosions. Present
studies are directed to quantitative evaluation, of the degree to which fallout in
significant in the military applications of nuclear explosive. Thu. it is no
longer of interest simply to note that rodioactivc atoms are produced in nuclear
exploaionn. The problem is to determine the quantity of the radlioucHve anonis
produced, whet physical processes they are subjected to, where they go, and
how their disposition may affcct the op'rations and the l.... of people.

Because fallout contains radioactive atoms, andi Ibcuse radioactive atom s
omit nuclear radiations that can cause damage in the cells of living tissues, tViv
presence of fallout in the environment is usually equated with a lIxtential radilo-
logical hazard to living matter. The core of the present-day interest in fallout,
therefore, consists of evaluating the biological consequences to humans, animals,
and plants of the exposure to nuclear radiations from farllout.

The degree and nature of ponsible exieslurus of living matter to nuclear
radiation depend upon many physical I:arineters and these begin with thie
Initial production of the fallout in it nuclear exploslon, The nature of the
exposure is more fundamentally connected with physical Iprocsses than is the
degree of the exposure. In terms of degree, it is known that possible radiation
exposures would be highest, and therefore the biological consequences most
severe, for nuclear explosivem used In it Iarge.-senlo war, 'l'Thin degree of
exposure is of concern to many,

After the fallout In in an envlronnient, the degree of this radiological
hazard can lie monsurod. But the kind nn:! amount of harnrd in a ncliar war
situation, at leasnt before the fact, cannot he evaluated without It reC.son•iily
detailed description of the history of the radioactive atoms produced An nuclenr
oxlodion. Such n history, to be usefrl, muest reveal the essentlal details or the
physical procemses In which the rndionotive atoms participate, from the instant
they are formed up to any desired later time.

The major purpose of thin report. therefore, is to outline and discuss
these physical processes and the important parameters on which they depend.
The data, data nnalyse., data correlation schemes, and discussions presented
here are organized to emphasize basic principles so that an appropriate
methodology can be applied in evolunting the radiological ennsequonces of
nuclear war.



1.2 A Qonrg Dosorintion or ralout

An exploslon of any i;ind, detonatod near the surface or the earth, causes
material to be thrown up or drawn Into i chimney of hot rising games aind raised
aloft, In a nuclear explouion, two important processes occur: (1) radionotive
elements, which are produced and vaporized in the process, condense into or
on this materiall and (2) a large amount of non-rtlloactive m"tterial, rises
thousands of feet into the air before the small particles begin to fail back, This
permits the winds to scatter them over la1'9ge areas of the earth's surface. Thus,
when the pcirt!cles reach the surface of the earth they are far from their place
of origin and contain, within or on theli surface, radioactive elements. Whether
they are solid particles produced from P1'il minerals, or liquid (salt-containing)
particles produced from sen water, they are cnlled fallout.

The composition of fallout can he dlscribed In termb of two or three
componentr, One is the inactive carrier; this consists of the onvironmental
material at the location of the detonation and is the major comlunmnt In ,i ner-
surface detonation, The second component includes all the radioactivo elements
in the fallout.

Those radioactive elements cnn he Brihclssificd hnto two grotUps by
source. The first group contains the fission-product elements that are producied
In the fission process that initiates the explosion. The sco(nd group von"t.We
of the elements produced by the capture of neutrons released in both iinion
and fusion. The kinds and amounts of theme neutron-induced radioactive
elements in the fallout differ from one detonation to another depending ulxp tho
type of weapon used and the chemical elements in the environment at the I-mint
of dletonation,

Occasionally, a third fallout comixonent group is consdlered, This
consists of the bomb's structuratl materials and In a major comIx)n'ent In air-
burst fallout,

Thu word fallout IN ocrtalonalt!y precedc:! by "close-in" (or "local") and
"long-range" (or "world-wide"). Those terms have never boon precisely defined
except for operational ipurpnm, , The terms Imply some arbitrary differtentia-
tion of the fallout, or the radioactivity, on the basih of distance from the point
of detonation or time required for the mnteritl to fall to the earth's surface,
However, as Is discussed in the following chapters, the graduatl chnnges in the
properties of the fallout with distance make precise definition of these terms
Impossible, except for the extremen of each fallout clnoutflcation, Therefore,
except for these extreme cases, these descriptions are not used further as
definitive terms In discussing the nature and properties of fallout,


